The qualitative attributes and quantitative measurement properties of physical activity questionnaires are equally important considerations in questionnaire appraisal, yet fundamental aspects such as question comprehension are not often described in the literature. Here we describe the use of cognitive interviewing to evaluate the Sedentary Time and Activity Reporting Questionnaire (STAR-Q), a self-administered questionnaire designed to assess overall activity energy expenditure and sedentary behavior. Methods: Several rounds of one-on-one interviews were conducted by an interviewer trained in qualitative research methods. Interviewees included a convenience sample of volunteers and participants in the Tomorrow Project, a large cohort study in Alberta, Canada. Following each round of interviews the STAR-Q was revised and cognitively tested until saturation was achieved. Results: Six rounds of cognitive interviewing in 22 adults (5 males, 17 females) age 23-74 years, led to revisions involving 1) use of recall aids; 2) ambiguous terms; and 3) specific tasks, such as averaging across multiple routines, reporting time asleep and self-care, and reporting by activity domain. Conclusions: Cognitive interviewing is a critical step in questionnaire development. Knowledge gained in this study led to revisions that improved respondent acceptability and comprehension of the STAR-Q and will complement ongoing validity testing.
A substantial body of evidence, largely from selfreported measures, has demonstrated the health benefits of physical activity. 1 More limited but nonetheless compelling results now suggest that overall activity energy expenditure (AEE) 2 and sedentary behavior 3 may also be important etiologic factors in obesity, [4] [5] [6] metabolic syndrome, 7, 8 type 2 diabetes, 5 cancer, 9 and mortality. 2, 10, 11 While objective methods, such as doubly labeled water and accelerometers, can be used to ascertain AEE and sedentary behavior, they fail to capture contextual details pertaining to activities and are not always feasible due to cost. Hence for the near future, researchers will continue to rely on self-reporting measures. 12 Recent reviews reveal important limitations of existing physical activity questionnaires. 13, 14 Those reviews and other literature 15 highlight the importance of appraising not only quantitative measurement properties, but also the qualitative attributes of questionnaires, such as face validity, text clarity, and comprehensibility which are prerequisites for valid responses. Yet qualitative appraisals have not been published for the vast majority of physical activity questionnaires 13, 16, 17 providing little opportunity for scrutiny by the scientific community, or guidance for questionnaire improvement given suboptimal validation study findings.
Cognitive interviewing is a qualitative method that can be used to appraise and improve a questionnaire before pilot testing and validation. 18 Interviewees are asked to verbalize their thought processes and interpretation of questions to assess if questions 1) are understood and interpreted consistently and correctly and 2) elicit the intended information. 19 The method facilitates problem identification across all 4 stages of the questionand-answer process described by Tourangeau, 20 namely, comprehension, recall, judgment, and response. Thus cognitive testing can identify specific questionnaire items creating cognitive difficulty for respondents and reveal sources of difficulty, not always apparent from other forms of pretesting. 18, 19 Despite its clear value, cognitive testing has been seemingly overlooked within the field of physical activity assessment as it is rarely described in this literature. 21 We herein describe the use of cognitive interviewing techniques to appraise the Sedentary Time and Activity Reporting Questionnaire (STAR-Q), a new self-administered questionnaire designed to estimate AEE and sedentary behavior in large-scale epidemiologic studies.
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Methods

Questionnaire Development
Before cognitive testing, the STAR-Q shared some basic design characteristics with the Past Year Total Physical Activity Questionnaire (PYTPAQ), 22 which captures all dimensions and types of physical activity over 12 months, querying the frequency, duration, and intensity of occupational, household, and recreational activities plus walking and biking to/from work. When the STAR-Q was developed, the PYTPAQ had been administered to 18,838 participants of the Tomorrow Project, a large geographically dispersed cohort study established in 2001 to examine the relation between lifestyle and chronic diseases in Alberta, Canada. 23 To develop a comprehensive activity list as a source of examples for the STAR-Q, we identified activities reported by ≥ 1% of the 18,838 Tomorrow Project participants using previously coded occupational and recreational activities.
We also reviewed open-ended responses in the 'Household, Childcare, & Do-It-Yourself Activities' section for a randomly selected subset of completed PYTPAQs (n = 269). The first version of the self-administered STAR-Q was open-ended in format, and queried frequency (days in past 4 weeks), duration (hours/minutes per day), and intensity (scale from 1-4) of all activities. Since the STAR-Q was designed to ascertain sedentary behavior and all activities contributing to AEE, patterns of sleep, eating, personal/medical care, occupation, transportation, household, yard work, caregiving, exercise, light leisure activities, stair-climbing, and 'other' activities were ascertained. Table 1 describes other features of the initial STAR-Q.
Study Sample
Twenty-two volunteers who were employees of Alberta Health Services (AHS; n = 3), relatives of AHS employees (n = 2), or Tomorrow Project participants (n = 17) were recruited for cognitive interviews. AHS employees and their relatives were recruited by word of mouth. Seventy Tomorrow Project Calgary residents who had responded to an advertisement for the STAR-Q validation study, but were ineligible, were mailed invitation letters to participate in the cognitive testing of the STAR-Q. Eighteen Tomorrow Project participants agreed to take part; one could not be contacted and 17 were interviewed ( Figure 1 ). Our sample size (n = 22) was determined by the number of rounds of interviews required to reach saturation (achieved once no new findings arose from cognitive interviewing).
Interviews were conducted between August 2008 and June 2009. All participants provided written informed consent and ethical approval was obtained from the Research Ethics Committees of Alberta Health Services and the University of Calgary, Alberta, Canada.
Data Collection
Twenty-two one-on-one interviews were conducted in multiple rounds by a qualitative researcher familiar with physical activity questionnaires. Each audiotaped interview was on average 1.5-2 hours in duration. A round of interviews was terminated once it became clear that revisions were warranted. The STAR-Q was then revised and each revised version was cognitively tested with 3-5 new volunteers ( Figure 1 ). Six rounds of testing were conducted until, during the final round, saturation was achieved. 
Analysis
Analyses of audiotapes and written notes taken during each interview were performed by the interviewer at the end of each round of interviewing. Verbal responses to probe questions, comments made by participants while thinking aloud, and nonverbal observations of the interviewer were documented. Reviewing 3-5 interviews at a time, the interviewer identified key recurrent themes and significant individual discoveries representing sources of difficulty or confusion. 24 Themes and discoveries were described by the interviewer in 6 written reports, each corresponding to a round of interviews. Reports were then reviewed by 2 or 3 study coinvestigators and staff members and discussed as a group. Revisions were made based on the consensus achieved. Our use of different interview techniques and multiple researchers (ie,'triangulation' 25, 26 ) was intended to enrich and possibly improve the validity of our findings, given the absence of any consensus on cognitive interviewing methodology for survey development. 19, 27 Figure 1 -Study design for cognitive testing of the STAR-Q.
Results
The participants ranged in age from 23-74 years; 5 were male and 17 were female. All volunteers were urban, white, and fluent in English; most worked for pay or engaged in volunteer work and had more than a secondary level education (Table 2 ). Among Tomorrow Project participants (n = 17) baseline cohort physical activity levels (PAL, defined in Table 2 ) ranged from "low active" (PAL = 1.40-1.59) to "very active" (PAL ≥ 1.90) 28 and baseline body mass index (BMI) ranged from normal weight to morbidly obese.
Cognitive Interviews
A combination of think aloud techniques and concurrent verbal probes was used during each cognitive interview. The interviewer introduced participants to the concept of thinking aloud using a practice example from Willis. 18 Participants were then encouraged to think aloud as they completed each question, with the interviewer using spontaneous probes when necessary (eg, "What were you thinking about when you answered that question?"). The interviewer also used scripted verbal probes from Willis 18 to draw information as each section of the STAR-Q was completed. For example, once the participant had read the STAR-Q introduction, the interviewer asked, "In your own words, can you tell me what the questionnaire is about?" and "How easy or hard were the directions to understand?" The interviewer continued with spontaneous probes to reveal underlying sources of difficulties. A similar set of scripted probes was used for each section of the questionnaire. In addition, when new terms were introduced, questions such as "What does the term 'activities' mean to you?" were asked. All sections of the STAR-Q were probed with each participant, and similar scripted probes were applied across all rounds of interviewing.
Cognitive interviewing results were analyzed and grouped into 6 predominant themes, described in the following text and in Table 3 . Six rounds of interviews and revisions resulted in the final 38-page booklet-style STAR-Q (see Online Supplementary Material).
Recall Aids
The first version of the STAR-Q comprised 2 booklets: a questionnaire and an activity list. The questionnaire was divided into 2 parts. Part A was a 1-page worksheet asking generally about activities and sedentary behavior during a 'typical' 24-hour period, while Part B elicited detailed information pertaining to activities and sedentary behavior over the previous 4 weeks. In Part A participants were given a 1-page chart divided into hourly segments and were asked to 'map out' blocks of time for activities of similar type over a 24-hour period. Table 3 , continued
This format was tested with 3 participants, all of whom commented that they found this exercise so frustrating that they were almost deterred from continuing. While it did trigger thinking in terms of activity domains on a 24-hour basis, it appeared to add to respondent burden without facilitating the transition to Part B. Thus, the decision was made to omit Part A ( Table 3) . The activity list booklet was divided into sections corresponding to the activity domains in the STAR-Q and was designed to be the source of examples for completing companion sections in the STAR-Q. In 2 rounds of interviews, participants referred to the lists sporadically, skimmed lists quickly, complained of "too many pages" and expressed frustration about not being able to find their activities in the list. Hence, the activity list booklet was replaced by a limited list of activities incorporated into each section of the STAR-Q. With this revision participants read the examples aloud but tended to respond to questions using only the examples listed, overlooking their other activities. We then expanded each list in the STAR-Q which prompted more thoughtful reflection without limiting reporting to only those activities in the list (Table 3) . Activities in these final lists were chosen predominantly based on their reported frequency in the Tomorrow Project. Grouped examples, comprising similar activity types, were created such that each activity within a group was ±0.5 METs of the MET value assigned for the entire group.
In earlier versions of the STAR-Q, instructions were provided in the questionnaire introduction and at the beginning of each section, which in some cases preceded relevant questions by several pages. This large gap between instructions and questions led some participants to revisit previous pages to reread instructions. To avoid this inefficiency and to facilitate understanding, instructions were positioned more closely to the relevant questions (eg, the physical effort scale was placed in the footer of applicable pages).
Other recall aid improvements included: repeated reminders of the time window for reporting, elimination of a generic, 3-month calendar, and omission of detailed questioning about breaks at work (Table 3) .
Ambiguous Text
Several questions in the original questionnaire were identified as ambiguous. For example, participants were asked what "physical activity" meant to them. Responses included, "things that make my heart rate go up" or "exercise." Some participants articulated that they had not been as 'active' as usual during the past 4 weeks so wondered if they should report their 'usual' pattern instead. Hence, an introductory statement describing the scope of the STAR-Q was revised to clarify that activity and inactivity were of interest (Table 3) .
A participant commented on the word 'sedentary' in "The Sedentary Time and Activity Reporting Questionnaire (STAR-Q)," stating, "I think the word 'sedentary' is very judgmental." She also wondered if she was being targeted for participation in the study because of her self-perceived low fitness level. Hence the cover sheet now shows only the acronym 'STAR-Q. ' Terms such as 'dining,' 'naps,' 'posture,' and 'volunteer work' were misinterpreted (Table 3 ). In addition, the 'past month' timeframe required clarification. Although the timeframe was stated as the past 4 weeks (past 28 days) in the STAR-Q instructions, participants were given the option of entering 'days per week' or 'days per month' in the first sections of the STAR-Q. Since a month is usually longer than 28 days, some participants reflected on the date the month before, and some included activities performed in a typical month. Thus, instructions were modified to omit the word 'month. ' Further difficulty arose when rating physical effort and in determining the minimum duration of activity that should be reported (Table 3) .
Averaging Across Multiple Patterns or Routines
We observed that some participants have different eating routines at different times of the week or month. For example, one participant worked 5 days/week, ate breakfast in the car, lunch at her desk, and spent about 30 minutes eating dinner on weekdays. On weekends, however, she had a leisurely breakfast and occasionally ate 2-3 hour meals with extended family. She found it difficult to 'average' the time spent eating per day, but was able to report her eating routine in 2 separate patterns. Thus, the STAR-Q was modified to allow participants freedom to record up to 3 different eating routines. Similarly we allowed for reporting of multiple patterns of sleep, occupational activities, stair climbing, transportation, and light leisure activities.
Reporting Time Asleep
We were interested in differentiating between time asleep (MET = 0.9) versus time lying awake in bed (MET = 1.0). 29 Thus, in the original questionnaire respondents were asked to report, on average, the time they went to bed, and the duration spent lying awake in bed. Since this approach caused difficulty across several rounds of interviewing (Table 3) , the questions were revised to query only about duration of time asleep.
Distinguishing Transportation From Exercise
Participants could generally report the time they spent in activities like walking and bicycling but had more difficulty when asked to identify an activity domain (eg, transportation versus exercise). For example, a participant walked a couple of times a week to a neighborhood grocery store to pick up small items like bread or milk but had difficulty deciding where to record it. She reflected, "Well, I am walking to get to the store so it must be transportation but I could just as easily drive. I actually am walking for exercise so I guess it goes under the Exercise section." The questionnaire was revised so that all 'moving about' could be reported in the section, 'Transportation and Moving About' while specific forms of 'walking' for exercise (hiking, treadmill) were reported under 'Exercise' (Table 3 ).
Reporting Self-Care Activities
Although the original questionnaire included a section entitled 'Self-Care,' a respondent wondered aloud where trips to the doctor should be recorded. Another respondent misinterpreted the term 'self-care' completely (Table 3) . Accordingly, 'Self-Care' was revised to 'Personal and Medical Care' and specific activity examples were provided.
Discussion
Six rounds of cognitive interviewing in 22 adult men and women led to substantial revisions of the STAR-Q. Problems related primarily to question comprehension, but also to response mapping, acceptability of the instrument, and ease of use.
Only 5 published articles have thoroughly described methods and findings from cognitive testing of physical activity questionnaires. [30] [31] [32] [33] [34] While none of these questionnaires was designed to assess AEE and sedentary behavior like the STAR-Q, similarities exist across these 5 studies and our own in terms of the types of problems identified. First, in previous studies organizing questions by activity domain led to confusion and double-counting of activities. 30, 33, 34 While we also chose to use this format, we addressed the issue using carefully worded text and strategically ordering domain sections. Second, misconceptions surrounding specific timeframes (eg, past 4 weeks) have been previously described. 31, 33, 34 We handled this problem by including repeated reminders of the timeframe and explicitly asking respondents to record 'today's date' and the date '4 weeks (28 days) ago' when completing the questionnaire. Third, cognitive interviews led us to include comprehensive lists of activity examples directly within the STAR-Q. Interestingly, we observed that shorter lists led to underreporting of activities due to reliance on only the examples listed, as observed previously. 31, 34 The primary strength of our study was the rarely described use of cognitive interviewing to develop a novel self-report tool designed to assess AEE and sedentary behavior. Despite an early paper by Durante 35 that emphasized the importance of considering cognitive processes when designing self-administered instruments for physical activity self-reporting, there has been a paucity of research published in this area. 21 Cognitive interviewing appeared to greatly improve the ease of STAR-Q administration and interpretation of questions. Our appraisal of face validity-the extent to which questions in the STAR-Q appeared reasonable 36 -was enhanced by allowing researchers and respondents to participate in the appraisal. Our study population represented men and women with diverse lifestyles at various life stages in varied occupations (eg, volunteers, retirees, homemaker). Although education, PALs and BMI were determined well before cognitive interviews for a subset of respondents (n = 17; Table 2 ), diversity in these characteristics was likely retained.
We employed a combination of concurrent verbal probes and think aloud techniques, rather than uninterrupted retrospective probes, to cognitively test our self-administered STAR-Q. 18 Given the length of the STAR-Q (38 pages), we believe our approach was appropriate since it avoided respondents having to reconstruct their thoughts. In addition, we used a relatively informal data analysis approach in contrast to coding methods proposed by Conrad and Blair. 37 However, there is no consensus on cognitive interviewing methodology for survey development 19, 27 and our approach enabled us to identify and resolve questionnaire problems that may have otherwise gone undetected.
Our study was not without limitations. First, the use of a single interviewer may have limited our findings, for example, by overlooking some nonverbal cues or through selective use of spontaneous probes. Also our sample was limited to white, urban residents, fluent in English, with the majority having at least a high school education. In addition, we did not have younger males in our sample. We should caution that other population subgroups might respond differently to STAR-Q questions. Moreover it is possible that some problems that could not be verbalized were overlooked, and the process of cognitive interviewing itself affected how participants responded to questions. 19 Furthermore, we cannot confirm that the problems we identified would have altered STAR-Q validity since only a validation study can determine this. The ongoing reliability testing and doubly labeled water validation phases of the study will allow us to examine the results by participant characteristic (eg, age, gender, education) which may provide insight into whether psychometric properties of the STAR-Q vary across subgroups of individuals with these characteristics.
In conclusion, cognitive interviewing is a critical step in the development of newly designed questionnaires that may be underutilized in physical activity assessment. In the absence of cognitive interviewing, the potential validity of physical activity questionnaires may never be realized in quantitative validation studies. Our efforts show that even informal analytic approaches can provide valuable insight that improves questionnaire acceptability and comprehension. Some of the cognitive difficulties experienced with the original STAR-Q design may be common to other, existing physical activity and sedentary behavior questionnaires and might provide guidance for future questionnaire development.
The knowledge gained from our interviews will complement, and potentially improve, quantitative validation and reliability studies ongoing for the STAR-Q.
